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APPENDIXD

DIGITALWAVE DATA COLLECTIONAND ANALYSISPARAMETERS

D-1. Purpose. This appendixdescribesthe parametersused in the collection
and analysisof digitalwave data. The selectionof appropriatesamplingand
analysisparametersis essentialfor a successfuldata collectionprogram.
Detailedinformationis given in item 132.

D-2. Duration. Durationis the totaltimedata is collected. Durationis
typicallymeasuredin days,months,or years. Severalyearsof data are
necessaryto discernannualtrendsor to make extremalpredictions.

D-3. Burst Interval. Burst intervalis the time betweensamplerecords.
Samplerecordsmay be recordedcontinuouslyor everyfew hours (typically
every 1, 2, 3, 4, or 6 hours). Also,a thresholdmay be definedso thatdata
are collectedcontinuouslyduringstormconditionsbut only intermittently
duringcalm conditions.

D-4. SamplingFrequency,SamplingInterval,and NyquistFrequency. These
threesamplingparametersare interrelated,so choosingone of the three
determinesthe other two.

a. The samplingfrequency
interval At (in seconds)by

fs (inHertz)is relatedto the sampling

fs ‘
‘E

One Hertz is one sampleper second. Typicalvaluesof the samplingfrequency
are 1, 2, or 4 Hz. The Nyquistfrequencyis the highestfrequencythat can be
detectedwhen samplingat the selectedsamplingfrequency. The Nyquistfre-
quency fny is defined

f 1 ‘s
ny ‘G=F

Two undesirablephenomena,aliasingand hiddenoscillations,can oc-
samplingat a constantrate. Aliasingis the foldingback

b.
cur when
from frequencies-higherthan the Nyquistfrequencyintofrequencies
harmonicsof the Nyquistfrequency,i.e.,

(2 fny +f)~ (4 fny+f), ... (2nfny+f) n= 1,2, 3 . .

of energy
relatedto

Hiddenos-
because

where f is any frequencybetweenzero and the Nyquistfrequency.
collationsare the lossof kineticenergyat a particularfrequency
the same point in the cycleof the processis alwayssampled;therefore,the
informationaboutthe cyclicnatureof the processis lost.

c. Threemethodsto preventtheseundesirablephenomenaare:
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(1) Reducethe higherfrequenciespresentto less than the Nyquistfre-
quencyby low-passfilteringthe signalprior to digitizationwith an analog,
anti-aliasingfilter.

(2) Randomlyvary the samplingintervalsuch that the samplinginterval
approachesa uniformdistribution.

(3) Selecta constantsamplingintervalat leasttwicethe highestfre-
quencycomponentpresent.

The thirdmethodis used most oftenbecauseit does not requirespecialequip-
ment. Generally,high frequenciescontainrelativelylittleenergy,so they
are of littleinterest. Typicallythe upper frequencylimitsof interestare
0.35 Hz for oceanwaves,0.50 Hz for waves in baysand lakes,and 0.25 Hz for
low-frequencyharboroscillations.

D-5. TotalNumberof Points,RecordLength,and FrequencyIncrement.

a. The totalnumberof data points N and the recordlength Tr (in
seconds)are relatedby

Tr = NAt

Traditionally,the totalnumberof data pointshas beena powerof 2 (typical
valuesare 1,024,2,048,and 4,096)becausefast fouriertransform(FFT)
routinesto transferthe data from the timedomaintime seriesto the fre-
quencydomainwave spectrarequiredit. Now FFT’sare availablein multiples
of powersof 2, 3, and 5. Typicalvaluesof the recordlengthare 17 to
68 minutes. Longerrecordlengthsgive higherresolutionand greaterconfi-
dence in the spectralestimates,but the environmentconditionsmust not
changesignificantlyduringthe sample.

b. The frequencyincrement Af (in Hertz)in the frequencydomainis
analogousto the timedomainsamplinginterval At

Af=&
r

Wave energydensityspectraare calculatedfrom the measuredtime seriesat
discretevalueswhichare integermultiplesof the frequencyincrement. There
will be N/2 wave energydensityvaluesrangingfrom Af to the Nyquistfre-
quency,whereN is the totalnumberof data pointsin the timedomain.

D-6. Numberof Averages,ResolutionBandwidth,and Degreesof Freedom. These
last threeparametersare concernedwith analysisof the data after it is
collected.

a. Energydensityvaluesare estimatesof the truewave spectrum. An
infinitenumberof data pointsand an infinitenumberof sampleswouldbe re-
quiredto calculatethe true energydensity. Sincethis is impossible,the
spectralestimatesare usuallyaveragedin the timedomain(ensembleaverag-
ing) or the frequencydomain(bandaveraging)to increasethe confidencein
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the estimate;but as confidenceis increasedby averaging,resolutionis lost.
If the raw spectralestimates
numberof averagenumbandsis
Hertz)by

are band averagedin the frequencydomain,the
relatedto the resolutionbandwidth B (in

numbandsB= ~
‘r

Typicalvaluesof the numberof averagesare 8 and 16. The corresponding
resolutionbandwidthis 0.00781Hz and 0.01563Hz for a 1,024-secondrecord
length..

b. If spectralestimatesare assumedconstant
are consideredchi-squarevariableswith degreesof

nu = 2 numbands

withinthe bandwidth,they
freedom nu givenby

The numberof degreesof freedomis used to calculatethe confidenceintervals
on the autospectralenergydensityestimates. The largerthe nu value,the
tighterthe confidenceintervalsfor a givenrecordlength. Typicalvalues
for the numberof degreesof freedomare 16 and 32 for bandwidthsof 8 and 16,
respectively.
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